Abstract. Many cases of esophageal squamous cell carcinoma (ESCC) involve lymph node and distant metastases after esophagectomy, and most patients relapse within 2 years. Intensity-modulated radiotherapy (IMRT) is an important treatment for these cases of recurrence in ESCC and is widely used in clinical practice. A retrospective study of 137 postoperative patients with locoregional recurrences of ESCC who received IMRT was carried out. Kaplan-Meier survival curves and log-rank tests of univariate analysis was performed to assess whether there was a significant association between demographic and clinical features and death after recurrence. For multivariate analysis, the statistically significant results from the Kaplan-Meier method were subjected to Cox regression analysis. A total of 109 male and 28 female patients were included. There were 21 (15.3%), 58 (42.3%), 36 (26.3%), 3 (2.2%), 17 (12.4%), and 2 (1.5%) recurrences in the anastomotic, supraclavicular, mediastinal, tumor bed, polyregional, and abdominal regions, respectively. Univariate analysis showed that the gross tumor volume (GTV) of radiation (<27 vs. ≥27 cm 3 ) and the number of lymph nodes were significantly associated with survival. The survival rates of patients at 1, 2, 3 and 5 years with GTV<27 cm 3 were 72.7, 51.5, 37.1 and 25.9%, respectively, and with GTV≥27 cm 3 were 63.7, 26.9, 17.9 and 0%, respectively. The significant independent prognostic factor was GTV [<27 vs. ≥27 cm 3
Introduction
Esophageal carcinoma (EC) is one of the most fatal and prevalent human malignancies worldwide, that due to its rapidly increasing incidence, it has gained worldwide attention (1) . Esophageal squamous cell carcinoma (ESCC) is the most lethal pathological type, accounting for ~90% of total EC cases, and China alone contributes to more than half of the global ESCC cases (2) . At present, surgery is the main treatment for EC, but the 5-year survival rate after simple surgery is 31-55% (3). Most patients have lymph node involvement and distant metastases after esophagectomy and the 5-year survival rate of ESCC patients with metastasis is only 5-47% (4-6). Moreover, locoregional recurrence and distant metastasis are the most common cause of treatment failure (7) . The most common recurrence sites include the anastomosis and regional lymph nodes, which lead to a relatively poorer prognosis (8, 9) . The overall 2-year post-recurrence survival rate is 12.6%, and the median postoperative survival is 6 months for patients with postoperative recurrence of ESCC (10) . Significant difficulty is often encountered in identifying the appropriate treatment method from the limited available treatment options for recurrence following resection.
Recent advances in radiation techniques and chemotherapy may lead to the improvement of the treatment outcomes of postoperatively recurrent ESCC. Three-dimensional conformal radiotherapy (3D-CRT)-based concurrent chemoradiotherapy (CCRT) has been reportedly effective against the recurrence of ESCC after radical surgery (9 (11) . Intensity-modulated radiotherapy (IMRT), a more advanced form of 3D-CRT, is a high-precision conformal technique that allows physicians to modulate the intensity of the radiation and apply high-radiation doses to the tumor (12) . Postoperative precautionary IMRT has high local control rate and acceptable side-effects on thoracic ESCC (13) . In this study, we evaluated the survival of ESCC patients that received IMRT for the treatment of postoperative recurrence and evaluated the prognostic factors affecting survival. Treatment and follow-up assessment. IMRT was performed according to the standard program in our Department. Briefly, patients were fixed in position with a thermoplastic immobilizer. For treatment simulation and planning purposes, CT scanning images were obtained to determine the radiation treatment plan and target volume. The CT scan range included the full mediastinum, lower neck, and upper abdomen, with a layer spacing of 5 mm. The images were transmitted to the IMRT treatment planning system and the attending physician's outline of the GTV was reviewed by the chief physician. The GTV included positive lymph nodes based on CT and positron emission tomography (PET), including swollen lymph nodes identified by physical examination and positive lymph nodes shown by PET-CT. The clinical target volume (CTV) was defined as the GTV plus a 1-1.5 cm radial margin, including high-risk regional lymph nodes. The planning target volume (PTV) contained a 0.5-cm extension on the basis of the CTV. The reference dose point was located at the central part of the GTV and was optimized using a dose volume histogram with a 95% isodose curve covering the PTV. The treatment plan was reviewed and confirmed by the chief physician. In this study, the median dose of radiation therapy was 62.2 Gy (range, 40-80 Gy). The X-ray irradiation energy was 6 MV administered 5 times/week with a test dose of 2 Gy each time.
Patients and methods

Acquisition of clinical data.
The maximum doses to the endangered organs, the lungs, and spine were V 20 ≤25%, V 30 ≤20%, and ≤45 Gy, respectively.
Intravenous or oral chemotherapy, CCRT, continuous chemoradiotherapy, radiotherapy alone or chemotherapy dose were taken into account according to the patient's age, general condition, Karnofsky Performance Status (KPS) score, treatment tolerance and compliance. Follow-up data included physical examinations, such as clinical evaluations and CT scans every 3 months. Tumor-related deaths were documented.
Statistical analysis. Statistical analysis was performed using IBM SPSS 19.0 software (IBM Corp.). quantitative data were expressed as the mean ± standard deviation (SD) or median (interquartile range), while qualitative data were expressed as numbers and percentages. The mean/median survival times with 95% CIs at different levels were assessed by the Kaplan-Meier method (14) . Univariate analyses using Kaplan-Meier survival curves and log-rank tests were performed to assess whether there was a significant association between demographic and clinical features, such as sex, age, postoperative treatment, and degree of differentiation, and death after recurrence. Statistical significance was determined using the conventional P<0.05 criterion. For multivariate analysis, the statistically significant results from the Kaplan-Meier method were subjected to Cox regression analysis (15) , which was used to analyze the effect of multiple variables on survival time.
Results
Patient characteristics. The clinical and pathological characteristics of the patients are presented in Tables I and Ⅱ . The analysis showed that the average survival time after recurrence was 18.83±14.71 months. Of the 137 patients who underwent IMRT, 84 (61.3%) died. As shown in Table Ⅲ , the 2-year survival rates of patients with anastomotic, supraclavicular, and mediastinal lymph node recurrence were 36.4, 41.4, and 37.5%, respectively. The 2-year survival rates of patients with 0, 1, and 2-6 lymph node recurrences were 38.9, 50.8, and 19.7%, respectively, and the 2-year survival rates for patients with and without CCRT were 41.2 and 34.9%, respectively.
Univariate analysis showed that the GTV of radiation (<27 vs. ≥27 cm 3 ) and the number of lymph nodes were significantly related to survival. Other factors, such as differentiation grade and recurrence site, were not related to survival (Table Ⅲ , Fig. 1 ). The 1-, 2-, 3-, and 5-year survival rates of patients with GTV<27 cm 3 were 72.7, 51.5, 37.1, and 25.9%, respectively, and with GTV≥27 cm 3 were 63.7, 26.9, 17.9, and 0%, respectively. Multivariate regression analysis with a Cox model showed that the GTV of radiation was a significant independent prognostic factor and was significantly related to the risk of death after recurrence [HR (95% CI), 1.746 (1.112-2.741); P=0.016] (Table IV) . According to the results, the risk of death for patients with GTV≥27 cm 3 was 1.746 times that for patients with GTV<27 cm 3 , with a statistically significant difference.
Discussion
Currently, surgery is the primary treatment for ESCC. However, the overall recurrence rate of ESCC patients after radical resection ranges from 34 to 79%, while the rate of locoregional recurrence is 21-68% (16, 17) . Evidence has indicated that the number of lymph nodes involved and the depth of primary tumor invasion may help in evaluating the recurrence risk in ESCC patients following curative surgery (17) . EC guidelines for the national comprehensive cancer network (NCCN) suggest that some patients with local recurrence after surgery can tolerate CCRT (18, 19) . Approximately 28% of patients with ESCC achieved long-term survival with the use of CRT for lymph node recurrence after curative resection (20) . Current radiation techniques using 3D-CRT with enhanced accuracy using daily image guidance have improved the accuracy of irradiation (21) . The incidental irradiation doses with involved-field irradiation have significantly impacted the control of micro-metastasis and may contribute to the elimination of subclinical ESCC lesions (11) . It has been reported that the tolerance to 3D-CRT combined with chemotherapy is better than that of the simple 3D-CRT , which is a feasible technology and can improve the overall survival (OS) rate of patients with recurrent ESCC mediastinal lymph node metastasis after surgery (22) . In the present study, ESCC patients with anastomotic or lymph node recurrence received IMRT or IMRT-based CCRT and the factors affecting their survival were investigated.
Previous studies have indicated that the number and regions of lymph node recurrences after ESCC are also important factors influencing the efficacy of salvage chemoradiotherapy (23). Jingu et al reported that the median OS Age, lymph node diameter and survival time after recurrence are expressed as the mean ± SD, and GTV as the median (interquartile range). GTV, gross tumor volume. Bold indicates statistical significance. CI, confidence interval; GTV, gross tumor volume; CCRT, concurrent chemoradiotherapy.
rates of single and multiple recurrent regions after EC surgery were 39.0 and 6.5 months, respectively, after radiotherapy and chemotherapy, and the number of recurrent lesions was a significant prognostic factor (23). Miyata et al reported that the OS rate of patients with ≥4 recurrent lymph nodes after ESCC surgery was significantly lower than that in patients with <4 recurrent lymph nodes (24). Chen et al reported 5-year OS rates for 1-2, 3-6, and ≥7 recurrent lymph nodes after ESCC resection of 33, 17, and 12%, respectively, and patients with more recurrent lymph nodes had worse prognoses (25) . In the current study, although Kaplan-Meier analysis showed that the number of lymph nodes was a risk factor related to death after tumor recurrence, multivariate regression model analyses showed that the number of lymph nodes was not an independent prognostic factor. The risk factor GTV of radiation was a significant independent prognostic factor for survival after recurrence in patients receiving IMRT treatment. The GTVs were contoured as visible tumors on CT scans (26) . Most of the lymphatic recurrences after surgery among patients diagnosed with ESCC would have been covered by the proposed PORT CTV (21) . The GTV has been demonstrated to be an independent prognostic factor for survival in multiple cancers treated with radiation therapy (27,28). Ma et al reported that the GTV of radiation (≥5 vs. <5 cm 3 ) was an important independent prognostic factor in patients with recurrent ESCC (22) . However, this study confirmed that GTV of radiation (<27 vs. ≥27 cm 3 ) is an important independent prognostic factor for the risk of death after recurrence treated by IMRT.
This study has several limitations. Its retrospective design may have a potential bias. In addition, because of the different doses and schedule used in this study, the optimal treatment for locoregional recurrence has not been determined.
In conclusion, our retrospective study showed that the GTV of radiation is an independent prognostic factor in ESCC patients with postoperative locoregional recurrence. Patients with a GTV≥27 cm 3 have a higher risk of death. 
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